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Theorem (Lecture 2)

Deterministic timed automata are closed under complement

1. Unique run for every timed word

2. Complementation: Interchange acc. and non-acc. states

w1 2 L(A) w2 /2 L(A) w1 /2 L(A) w2 2 L(A)
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Theorem (Lecture 1)

Non-deterministic timed automata are not closed under complement

Many runs for a timed word

w1 2 L(A)

Exists an acc. run

w2 /2 L(A)

All runs non-acc.

Complementation: interchange acc/non-acc + ask are all runs acc. ?
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A timed automaton model with existential and universal

semantics for acceptance
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Lecture 5:
Alternating timed automata

Lasota and Walukiewicz. FoSSaCS’05, ACM TOCL’2008
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Section 1:

Introduction to ATA
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I X : set of clocks

I �(X) : set of clock constraints � (guards)

� : x < c | x  c | �1 ^ �2 | ¬�

c is a non-negative integer

I Timed automaton A: (Q,Q0,⌃,X,T , F)

T ✓ Q ⇥ ⌃⇥ �(X)⇥ Q ⇥ P(X)
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T ✓ Q ⇥ ⌃⇥ �(X)⇥ Q ⇥ P(X)

T : Q ⇥ ⌃⇥ �(X) 7! P(Q ⇥ P(X))

q

a, g

q1, r1 q2, r2 q3, r3 q4, r4 q5, r5

_ _ _ _
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T : Q ⇥ ⌃⇥ �(X) 7! P(Q ⇥ P(X))

B+(S) is all � ::= S | �1 ^ �2 | �1 _ �2

T : Q ⇥ ⌃⇥ �(X) 7! B+(Q ⇥ P(X))

q

a, g

(q1, r1 q2, r2) (q3, r3) (q4, r4 q5, r5 q6, r6)^ _ _ ^ ^
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Alternating Timed Automata

An ATA is a tuple A = (Q, q0,⌃,X,T , F) where:

T : Q ⇥ ⌃⇥ �(X) 7! B+(Q ⇥ P(X))

is a finite partial function.

Partition: For every q, a the set

{ [�] | T (q, a, �) is defined }

gives a finite partition of RX
�0
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Acceptance

q

a, g

(q1, r1 q2, r2) (q3, r3) (q4, r4 q5, r5 q6, r6)
V W W V V

Accepting run from q iff:

I accepting run from q1 and q2,

I or accepting run from q3,

I or accepting run from q4 and q5 and q6
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L : timed words over {a} containing no two a0s at distance 1
(Not expressible by non-deterministic TA)

ATA:

q0, a, tt 7! (q0, ;) ^ (q1, {x})

q1, a, x = 1 7! (q2, ;)

q1, a, x 6= 1 7! (q1, ;)

q2, a, tt 7! (q2, ;)

q0, q1 are acc., q2 is non-acc.

12/29

F za 's at distance 1 apart.Comptementf "

a a

→É÷8a 8-



I A Non - deterministicri ! TA -

→⑨÷⑨⑧
"

ATA for C

%

-11 . fan
.

90,13 A 9, , {a }

91
"¥\an⇒T2n

91 .es / \.
91,93 ^ 92.9 }

92

73 .

ta
Aa - states { 90,9 ,

}

92,13



% (a ,
0 ) ( a. 0.2) ( a. 0.871%1.3)

-11 . fan
.

90,13 A 9, ,{a } 90,0

I

#
( 9.07

91

Tz .

"
"⇒ 90,0 91,0

91,4

'

92,13 | (910.27

92 /
73 .

90,0.z 91,0 91,02ta
-

p
92,13 § | 19,0^87A

9.0.8 91,0 91,0-6 9 , , 0.8

I / I / can ."

A
90,13

91'° 911.1 91,1 . }

9110

Accepting



% 19,07 (9,0-2) 19,17

-11 .

ti 1-

a.
90,0

90 , { 3 A 9, , { a }

I can)

91

m¥ \an⇒72 .

> 90,0Ñ9 :O
91,4 92,13

| (a, 0.27×
92

910.2
73 .

90,0-2 91,0ta
l l92,13

,o 91,08 9①90,1

Witness for

non - acceptance



L : timed words over {a} containing no two a0s at distance 1
(Not expressible by non-deterministic TA)

ATA:

q0, a, tt 7! (q0, ;) ^ (q1, {x})

q1, a, x = 1 7! (q2, ;)

q1, a, x 6= 1 7! (q1, ;)

q2, a, tt 7! (q2, ;)

q0, q1 are acc., q2 is non-acc.

12/29



(

Acceptance Game : GA
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- b = b ,
h bz : Adam chooses a subformula

and game
continues with the sub formula .

- b =
b , V.bz

: Eve

- b = ( girl c- ✗PIC)

(9mm v @and A 19> is)

-

Phase ends with

19kt, , 11kt,) :=
19, ,
Ñlr :-O) )
→ Play ends with Gn-nyni.it

- Eye wins the play it 9nµ is auepting; otherwise Adam wins .

- w c- L( A) if Hae has a strategy to win Gaw .

Else w ¢21s ) .
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AIHs.ws .

List = { w 1 Eve wins ga ,w }

Summary
- A model involving existential and universal transitions .

↳
Alternating TA .

- 1- Example

-

Acceptance game Gs ,w .


